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APPARATUS, AND ASSOCIATED METHOD, FOR REPORTING A MEASUREMENT 
SUMMARY IN A RADIO COMMUNICATION SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present invention claims the priority of Application Serial No. 60/274,175, filed on 
March 8, 2001 . 

5 The present invention relates generally to communications by a communication station in 

a radio communication system operable pursuant to a first communication standard, such as the 
IEEE 802.1 1 standard, in which the frequency band available for use by the system is also 
utilizable by another radio communication system, operable pursuant to another communication 
standard. More particularly, the present invention relates to apparatus, and an associated 

1 0 method, by which to identify, at least in a measurement summary, whether communication 
activity pursuant to the first communication standard is ongoing at a portion of the frequency 
band to which the communication station is tuned. When implemented in a communication 
station operable pursuant to the IEEE 802.1 1 standard in the 5GHz frequency band, a 
measurement summary field is formed that indicates whether the communication station is tuned 

15 to a portion of the frequency band upon which 802. 1 1 -formatted data is communicated. By 

identifying whether the communication station is tuned to a portion of the frequency band upon 
which the 802.1 1 -formatted data is communicated, subsequent retuning or communication 
operations at the portion of the frequency band to which the communication station is tuned is 
effectuated. 
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BACKGROUND OF THE INVENTION 

Advancements in communication technologies have permitted the introduction, and 
popularization, of new types of communication systems. In various of such new types of 
communication systems, the rate of data transmission and the corresponding amount of data 
5 permitted to be communicated, has increased relative to existing types of communication 
systems. 

New types of radio communication systems are exemplary of communication systems 
that have been made possible as a result of advancements in communication technologies. 
Communication channels of a radio communication system are formed upon radio-links, thereby 

1 0 obviating the need for conventional wire-line connections between sending and receiving 

stations operable therein. A radio communication system, therefore, inherently permits increased 
communication mobility in contrast to conventional wire-line systems. 

Bandwidth limitations sometimes limit the communication capacity of the 
communication system. That is to say, the bandwidth capacity of the communication channel, or 

1 5 channels, available to a communication system to communicate information between sending 
and receiving stations is sometimes limited. And, the limited capacity of the communication 
channel, or channels, limits increase of the communication capacity of the communication 
system. The communication capacity of the radio communication system is particularly 
susceptible to capacity limitation resulting from communication channel bandwidth limitations. 

20 Generally, a radio communication system is allocated a limited portion of the electromagnetic 
spectrum upon which to define communication channels. Communication capacity increase of a 
radio communication system is, therefore, sometimes limited by such allocation. Increase of the 
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communication capacity of the radio communication system, therefore, is sometimes only 
possible if the efficiency by which the allocated spectrum is used is increased. 

Digital communication techniques provide a manner by which the bandwidth efficiency 
of communications in the communication system may be increased. Because of the particular 
5 need in a radio communication system to efficiently utilize the spectrum allocated in such a 

system, the use of digital communication techniques is particularly advantageously implemented 
therein. 

When digital communication techniques are used, information that is to be communicated 
is digitized. In one technique, the digitized information is formatted into packets, and the 

10 packets are communicated to effectuate the communication. Individual ones, or groups, of the 
packets of data can be communicated at discrete intervals, and, once communicated, can be 
concatenated together to recreate the informational content contained therein. 

Because packets of data can be communicated at the discrete intervals, a communication 
channel need not be dedicated solely for the communication of packet data generated by one 

1 5 sending station for communication to one receiving station, in contrast to conventional 
requirements of circuit-switched communications. Instead, a single channel can be shared 
amongst a plurality of different sending and receiving station-pairs. Because a single channel 
can be utilized to effectuate communications by the plurality of pairs of communication stations, 
improved communication capacity is possible. Packet data communications are effectuated, for 

20 instance, in conventional LANs (local area networks). Wireless networks, operable in manners 
analogous to wired LANs have also been developed and are utilized to communicate packets of 
data over a radio link, thereby to effectuate communications between a sending station and a 
receiving station connected by way of the radio link. 
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For example, an IEEE (Institute of Electrical and Electronic Engineers) 802.1 1 standard 
defines a system for operation of a wireless LAN. The system is defined in terms of logical layer 
levels, and operational parameters of the various layers of the system are defined in the standard. 
Proposals have been set forth to utilize an unlicensed band located at 5GHz and to 

5 implement a WLAN operable generally pursuant to the IEEE 802.1 1 standard. 

Other systems are also implementable at the 5GHz frequency band. A radio 
communication system, referred to as the HyperLan II system is, for instance, also implemented 
at the 5 GHz band. The HyperLan II system is operable pursuant to a standard promulgated by 
the ETSI. The HyperLan II system also is a WLAN system. 

1 0 As more than one communication system is operable upon common frequency portions 

of the 5 GHz band, communication systems operable therein must be able to dynamically select 
the frequency band portions upon which communications are effectuated. Dynamic selection is 
required so that more than one communication system does not concurrently use the same 
frequencies to attempt to effectuate communications. 

1 5 The European Regulatory Commission (ERC) has set forth system requirements of 

systems operable in the 5GHz frequency band. For instance, amongst the requirements include a 
requirement that a system operable at the 5 GHz band generate electromagnetic energy emissions 
which are spread over available frequency channels defined therein. That is, the interference 
level formed of the communication signal energy generated during operation of the 

20 communication system must be approximately constant over a large bandwidth of the frequency 
band. The interference must be spread equally and must avoid interfering with communications 
in satellite and radar systems. 
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And, for instance, an IEEE802.1 1 or HyperLAN system requires that a mobile station 
(STA) be capable of tuning to a frequency portion of the frequency band not currently used by a 
basic service set (BSS). And, once tuned thereto, the mobile station is required to measure for 
the presence of interference. Once the measurement is made, a report of the measurement must 
5 be returned to an access point (AP) of the basic service set. This procedure is referred to as 
dynamic frequency selection (DFS), as a result of analysis of the measurements, an access point 
of the basic service set determines whether to select a new frequency range for operation of the 
mobile station. This procedure is referred to as dynamic frequency selection (DFS). In a 
HyperLan II system, mobile stations report indications of a received signal strength indication 
10 (RSSI) block in a base band transceiver system as part of a DSF mechanism. Use of an RSSI 
indication, however, fails to provide an indication as to the source of interfering signals. 

A manner better able to facilitate dynamic frequency selection in a mobile station 
operable in an IEEE 802.1 1 system would be advantageous. 

It is in light of this background information related to operation of a radio communication 
1 5 system in which dynamic frequency allocation is utilized that the significant improvements of 
the present invention have evolved. 

SUMMARY OF THE INVENTION 
The present invention, accordingly, advantageously provides apparatus, and an associated 
method, for use in a radio communication system operable pursuant to a first communication 
20 standard, such as the IEEE 802.1 1 standard, in which the frequency band available for use by the 
system is also utilizable by another communication system operable pursuant to another 
communication system standard. 
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Through operation of an embodiment of the present invention, a manner is provided by 
which to identify, at least in a measurement summary, whether communication activity pursuant 
to the first communication standard is ongoing upon a portion of the frequency band to which the 
communication station is tuned. By providing the measurement summary, decisions are better 
5 able to be made regarding subsequent retuning or subsequent communication operations of the 
communication station. And, thereby dynamic frequency selection is facilitated. 

In one aspect of the present invention, a measurement summary field is formed by a 
mobile station (ST A) operable pursuant, generally, to the IEEE 802.1 1 standard in the 5 GHz 
frequency band. The measurement summary field is of a value that indicates whether the mobile 
1 0 station is tuned to a portion of the frequency band upon which 802. 1 1 -data is communicated. 
By communicating the measurement summary field to a control device, such as an access point 
(AP) operable in the 802.1 1 system, decisions are made regarding whether to retune the mobile 
station or to commence communications upon the portion of the frequency band at which the 
mobile station is tuned. 

1 5 In another aspect of the present invention, the measurement summary field is populated 

with a value to indicate whether the mobile station is tuned to a frequency range upon which 
802.1 1 data packets are communicated. If 802.1 1 data packets are communicated at the 
frequency range to which the mobile station is tuned, the measurement summary field is 
populated with a first value. If, conversely, 802.1 1 data packets are not communicated at the 

20 frequency range to which the mobile station is tuned, the measurement summary field is of 
another value. A measurement summary including the measurement summary field is 
communicated by the mobile station to an access point at which control functions are performed 
to control subsequent operation of the mobile station. 
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In another aspect of the present invention, once the mobile station is tuned to a selected 
frequency range, measurement is made of communication energy communicated at the frequency 
range. If communication energy is detected, the communication energy is decoded to detect 
whether the communication energy forms packet-formatted data. If packet formatted data is 
5 detected, further analysis of a data packet is made to determine whether the data packet is an 
802.1 1 -formatted data packet. Upon such detection, the measurement summary field is 
populated with a value indicating the frequency range to which the mobile station is tuned to 
have 802.1 1 -formatted data packets communicated thereon. Otherwise, an indication is 
populated in the measurement summary field to indicate that 802.1 1 -formatted data is not 
10 communicated upon the frequency range to which the mobile station is tuned. 

In another aspect of the present invention, upon detection of the communication energy, 
and decoding thereof to detect the presence of a data packet, further analysis is made to identify 
whether the data packet is an 802.1 1 -formatted data packet or, relative to the 802.1 1 standard, a 
foreign PLCP (physical layer convergence protocol)-formatted packet. Determination of the data 
15 packet-type is made through analysis of the packet at the physical layer and logical layer above 
the physical layer by which the communication system in which the mobile station is operable. 
In an 802.1 1 system, a valid packet is determined by proper decoding of the signal field, cyclic 
redundancy check (CRD) on the physical layer protocol data units (PPDU) and valid MAC 
address format. In contrast, a HyperLan II data packet does not have a corresponding 802.1 1- 
20 formatted data structure. Thereby, differentiation between a HyperLan II-formatted data packet 
and an 802.1 1 -formatted data packet is made. 

In one implementation, apparatus, and method, is provided for a mobile station operable 
in an IEEE 802.1 1 WLAN. The mobile station tunes to a frequency range within the 5 GHz 
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frequency band. Once tuned to the frequency range, a CCA (clear channel assessment) operation 
is performed. A determination is made whether the CCA indicates the frequency range to be 
busy. The determination is made by detecting whether communication energy is present on the 
frequencies to which the mobile station is tuned. If communication energy is detected to be 
5 present, the mobile station further determines whether the communication energy forms a data 
packet which is formatted pursuant to the IEEE 802.1 1 standard. To make this determination, 
decoding operations are performed to detect a preamble portion of a data packet. If a preamble 
portion of a data packet is detected, further decoding operations are performed upon a signal 
field portion of the data packet. Subsequent to such decoding, further inquiry of the data packet 

1 0 is made to check to where the data packet is addressed. If a MAC ID (identifier) is detected, 
then the data packet is a 802. 1 1 -formatted data packet. As a HyperLan II-formatted data packet 
does not have a corresponding 802.1 1 formatted signal field (i.e., PLCP header) and MAC 
identifier, operation of an embodiment of the present invention is able to distinguish between a 
HyperLan II-formatted data packet and an 802.1 1 -formatted data packet. 

1 5 In these and other aspects, therefore, apparatus, and an associated method, is provided for 

a first radio communication system in which a selected portion of a frequency band is 
dynamically selectable upon which to communicate a first-system-type data packet. The 
frequency band is also selectably utilized by a second radio communication system upon which 
selectably to communicate a second-system-type data packet. Reporting upon whether the 

20 portion of the frequency band to which a communication station is tuned is being used to 

communicate the first-system-type data packet is performed. An indicator is at least coupled to 
receive an indication of a determination of whether the first-system-type data packet is 
communicated upon the portion of the frequency band to which the communication station is 
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tuned. The indicator generates an indication signal representative of the determination. A 
reporter is coupled to receive the indication signal generated by the indicator. The reporter 
generates a report message that includes a field populated with a value indicative of the 
indication signal generated by the indicator. 
5 A more complete appreciation of the present invention and the scope thereof can be 

obtained from the accompanying drawings which are briefly summarized below, the detailed 
description of the presently preferred embodiments of the invention, and the appended claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates a functional block diagram of a communication system in which an 
1 0 embodiment of the present invention is operable. 

Figure 2 illustrates an exemplary format of a measurement summary frame generated 
during operation of an embodiment of the present invention. 

Figure 3 illustrates the structure of a preamble portion of an IEEE 802.1 1 -formatted data 

packet. 

1 5 Figure 4 illustrates a functional block diagram of a delayed signal correlator. 

Figure 5 illustrates an exemplary relationship between a false alarm rate and a detection 
probability pursuant to operation of an embodiment of the present invention. 

Figure 6 illustrates a representation, similar to that shown in Figure 4, but here with a 
different delay factor. 
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DETAILED DESCRIPTION 

Referring first to Figure 1, a communication system, shown generally at 10, is operable to 
provide packet radio communications with a mobile station (STA) 12. 

In the exemplary implementation, the communication system includes a WLAN (wireless 
local area network) constructed generally to be operable pursuant to the IEEE (Institute of 
Electrical and Electronic Engineers) 802.1 1 standard at the 5 GHz frequency band. The mobile 
station 12 is here operable, generally, pursuant to the IEEE 802.1 1 standard. The communication 
system is exemplary. While operation of an embodiment of the present invention shall be 
described with respect to implementation of the communication system 10 as an IEEE 802.1 1 
system, the teachings of the present invention are analogously applicable in other types of 
communication systems. 

During operation of the communication system, data is communicated from, and to, the 
mobile station with a selected access point (AP), here an access point 14, of a plurality of access 
points, of which two access points are shown in the Figure. The data is communicated by way of 
radio links 16 formed between the mobile station 12 and the selected access point. Data 
communicated by the mobile station to the access point is sometimes referred to as being 
communicated on a reverse link channel, and data communicated by the access point 14 to the 
mobile station upon the radio link 1 6 is sometimes referred to as being communicated upon a 
forward link channel. 

When data is communicated, upon either of the forward or reverse link channels, the data 
is communicated in the form of electromagnetic energy, here referred to as communication 
energy. In the 5GHz frequency band, prescribed channel allocations are not specifically 
allocated to a particular communication system. That is to say, the IEEE 802.1 1 system forming 
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the communication system 10 is not specifically allocated a portion of the frequency band for its 
exclusive use. Instead, other systems are also permitted to be implemented and operated at the 
same frequency regions of the frequency bands. To prevent concurrent usage of the same 
frequency regions of the frequency band, dynamic frequency selection (DFS) schemes must be 
5 utilized by devices operable in communication systems which utilize the 5 GHz frequency band. 

Generally, in a dynamic frequency selection scheme, portions of the frequency band are 
dynamically selected for use upon determination that the frequency band regions are not being 
utilized for other communications by another communication system. If a frequency range is 
determined already to be in use, an alternate frequency range is selected upon which to effectuate 

1 0 communications. By providing the dynamic frequency selection, the same frequency ranges are 
not attempted to be used concurrently by two, or more, separate communication systems. 

As noted above, a communication system includes a plurality of access points, of which 
two access points 14 are shown in the figures. Each of the access points defines a coverage area, 
sometimes referred to as a cell. When a mobile station is positioned within a cell, 

1 5 communications of the mobile station with the infrastructure part of the communication system 
is generally effectuated with the access point which defines the cell within which the mobile 
station is positioned. 

The access points 14 are connected to a control hub 16. The control hub is operable to 
control operation of the access points and communications in the WLAN. The control hub, 
20 sometimes embodied at a computer server, is connected to a router that, in turn, is coupled to a 
packet data network (PDN) 24. The packet data network is formed of, for instance, the internet 
backbone. And, a correspondent node (CN) 26 is coupled to the packet data network. The 
correspondent node is representative of any communication device that is capable of 
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communicating packet data by way of the packet data network and, by way of a communication 
path formable with the mobile station 12. 

The figure further illustrates the frame structure of an IEEE 802.1 1 -formatted packet. A 
PLCP Preamble field 26 includes OFDM training symbols. The training symbols also trigger the 
5 CCA mechanism. The PLCP Preambles of IEEE 802. 1 1 -formatted and HyperLAN II-formatted 
packets are nearly identical. The frame structure also includes a signal field 27. The signal field 
conveys modulation used in the PSDU field (described below). The service field 29 includes 
scrambler initialization bits for data. The PSDU field 31 forms a Physical Layer Service Data 
Unit field identifying where the transmitted data goes. While not separately shown, a PLCP 
1 0 header can be used that is a combination of the signal field and the service field. 

The mobile station 12 includes a receive portion 32 operable to detect, and act upon, data 
communicated to the mobile station by way of a forward link channel of the radio link 16. And, 
the mobile station includes a transmit portion 34 operable to operate upon data to be 
communicated upon a reverse link channel of the radio link 16 to the access point. 
15 The mobile station also includes apparatus 38 of an embodiment of the present invention. 

The apparatus is operable, pursuant to dynamic frequency selection operations of the mobile 
station and network portion parts of the communication system, to permit communication 
operations to be performed by the mobile station at a frequency range to which the mobile station 
is tuned or, alternately, to instruct the mobile station to tune to another frequency range. The 
20 apparatus is coupled to both the receiving and transmit portions of the mobile station. 

The elements of the apparatus 38 are functionally represented. Implementation of the 
elements of the apparatus is made any desired manner. In the exemplary implementation, the 
elements form, at least in part, algorithms executable by suitable processing circuitry. Once the 
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mobile station is tuned to a selected frequency range, circuitry of the receive portion detects 
communication energy on the forward link channels of the radio link within the frequency range 
to which the mobile station is tuned. Indications of the detected communication energy, or lack 
thereof, are provided by way of the line 42 to an indicator 44 of the apparatus 38. 
5 The indicator 44 includes an activity determiner 46. The activity determiner here 

performs a clear channel assessment (CCA) operation. The clear channel assessment operation 
determines whether communication energy is present upon the frequency range to which the 
mobile station is tuned. The activity detector is coupled to a decoder 48. And, the decoder is 
also coupled by way of the line 42 to receive indications of communication energy, if any, 

10 received by the receive portion of the mobile station. The decoder is operable, upon detection of 
communication energy by the activity detector to attempt to decode the communication energy. 

And, the indicator 44 also includes a packet address detector. The packet address 
detector is also coupled to the line 42 to receive indications of communication energy, if any, 
received at the receive portion of the mobile station. The packet address detector is operable 

1 5 when the decoder detects the presence of a data packet, such as by detecting a part of the 
preamble portion of a data packet which is formed at a physical (PHY) logical layer of the 
802. 1 1 communication system. The packet address detector 52 detects whether an MAC 
(medium access control) layer packet address is part of the received communication energy. A 
HyperLan-II-formatted data packet does not include 802.1 1 formatted signal field and MAC- 

20 layer packet address. The packet address detector thereby is able to distinguish between a 
HyperLan-II-formatted data packet and an 802.1 1 -formatted data packet. 

The apparatus 38 further includes a reporter 56 that is coupled to the packet address 
detector 52 of the indicator 44. The reporter 56 is operable to generate a measurement summary 
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that includes a field populated with a value indicating whether the frequency range to which the 
mobile station is tuned contains an 802. 1 1 -formatted data packet. If another data packet-type 
data packet is detected, such as a HyperLan-II-formatted data packet, the field is populated with 
another value. The field thereby at least indicates whether a frequency range to which the 
5 mobile station is tuned is being used to communicate an 802. 1 1 -formatted data packet or a data 
packet formatted pursuant to a foreign PLCP (physical layer convergence protocol). 

The measurement summary is provided to the transmit portion 34 by way of the line 58. 
The transmit portion transmits the measurement summary by way of a reverse link channel 
formed upon the radio link 16 back to the access point. Here, once received at the access point, 

1 0 indications of the measurement summary are routed to the control hub 1 8, or other appropriate 
structure. Analysis of the measurement summary is made at the control hub, and the control hub 
selects whether the mobile station should remain tuned to the frequency range or become retuned 
to another frequency range. 

Figure 2 illustrates an exemplary measurement summary, shown generally at 68, formed 

1 5 by the apparatus 38 of the mobile station shown in Figure 1 . The measurement summary 
includes a plurality of fields, including a field 72. The field 72 is a single-bit field, here 
identified as a foreign PLCP header field. The field is populated with a first value when a PLCP 
is detected upon the frequency range to which the mobile station is tuned during a measurement 
interval, but, if no valid signal field is subsequently detected, such as that which occurs when a 

20 HyperLan-II-formatted data packet is communicated upon a communication channel defined 
within the frequency range to which the mobile station is tuned. And, the field 72 is of another 
value when an 802. 1 1 -formatted data packet is detected. 
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The measurement summary 68 here also includes additional single-bit fields 74, 76, 78, 
82, 84, 86, and 88. The field 74 is a BSS (basic service set) field, the value of which specifies 
whether at least one valid MAC header was decoded for the measured frequency channel. The 
field 76 is a QBSS field. The value of the field 76 specifies whether the at least one BSS is 

5 running in QBSS. The bit is set only if the mobile station is IEEE 802.1 1(e) MAC enabled. 

Fields 82 and 84 are values indicating whether the to DS field and from DS field is set during the 
frame during which the measurement is made by the mobile station. 

The field 84 is a periodicity field. The periodicity field is of a value which specifies 
whether at least two consecutive CCA (clear channel assessment) measurements of busy and 

10 on/off patterns are periodic. A signal is classified as periodic if at least two consecutive CCA 
busy duration and CCA busy intervals are identical. The field 86 is an extended CCA report 
field. The value of the field 86 specifies whether the CCA busy fraction, CCA busy duration, 
and CCA busy interval are present in the report. And, the field 88 is an extended BSS report. 
The value of the field 88 specifies whether the measurement report frame contains a detailed 

1 5 report. 

Turning next to Figure 3, to provide a basic understanding of what Clear Channel 
Assessment (CCA) is, below is a description of the IEEE802.1 la preamble and how the 
preamble is used in CCA. In addition, simulations show that a system with a Physical Layer 
(PHY) similar to IEEE802.1 la can trigger the CCA mechanism even at very low SNRs. Thus, it 
20 is important to detect the presence of systems that use a PHY similar to IEEE802. 1 1 a, but have a 
different Media Access Control (MAC) and report this during a Dynamic Frequency Selection 
(DFS) measurement. 

The preamble shown in Fig. 3 is pre-appended to all data bursts in a IEEE802.1 la 
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WLAN system where "B" represents a short training symbol of which the first short training 
symbol 101 is an example. The short symbols produce a waveform with a periodicity of 0.8 us. 
The short symbols are the first part of the packet received by the radio frequency (RF) in the 
orthogonal frequency division multiplexing (OFDM) demodulator; thus, the first two symbols 
may be distorted due to settling of the gain control loop and the associated quantization effects. 
However, the remaining eight short symbols provide ample energy for reliable packet detection 
and clear channel assessment. The key is in having sufficient averaging to reduce the effects of 
additive noise. 

The long symbols 105 are shown in Figure 1 as "C" where the long symbols and short 
symbols are separated using a cyclic prefix 121 indicated as CP. The CP 121 allows for a 
channel estimation of the long symbols 105 without the influence of Intersymbol Interference 
ISI. The long symbols 105 are 3.2 us in duration, excite all frequencies in the occupied band and 
provide sufficient samples for channel estimation. 

The delay correlation method 

The principle of delay and correlate method is to correlate the received signal with a 
delayed version of itself. The idea is to exploit the particular structure of the preamble in order to 
obtain reliable estimates of start of a data burst. A block diagram of the basic structure is shown 
in Figure 4. If the input signal consists of complex samples r(i), the correlator has a delay D 
and a moving average window size of L then the correlator output can be written: 

L-\ 

. P(*) = £r*(* + «).r(&+w + D) 
Considering a received signal model of r(k) = s(k)exv(j27rf 0 t)+n(k) , then 
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where s(k + n + D) = s(k + n)exp( jl7zf 0 D) assuming that s(k) are samples from the short training 
symbols with a periodicity of modulo D. Examining P(k) from above, a maximum is achieved 
when k = D + L. 



obtaining a clear channel assessment (CCA). CCA is used by a station (STA) to determine if the 
channel is clear and an access attempt is possible. The IEEE802.1 la WLAN specification 
requires that the received signal levels equal or greater to the minimum sensitivity for BPSK (-82 
dBm) will cause CCA to indicate "Busy" to the MAC when a preamble is detected. The 
1 0 probability of detection, i.e., the probability that CCA algorithm will correctly identify a busy 
condition, is P D > 90% (as defined in IEEE802Jla WLAN Specification). 

CCA can be considered a binary hypothesis test to determine if the medium is busy. It 
consists of the hypothesis H x which indicates that the channel is busy and the hypothesis H 0 



5 



A critical function for the IEEE802.1 1 MAC carrier sense, multiple access protocol is 



which indicates that the channel is idle. The test statistic is defined as 
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S = £|P(*)| 2 > Th 



(6.1) 



under hypothesis H x , and 



(6.2) 



under hypothesis H 0 , where Th is the threshold, and N is the number of redundant 



measurements. 



20 



When there is no preamble, the magnitude of S decreases generally with signal to noise 
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ratio (SNR). However, the kurtosis, defined by 

v (|P(0[ 2 -5) 4 

4- n(* 2 } 

A 

increases. Here a 2 is an estimated variance and S is the sample mean. 

Simulation results are described here. 
5 To show the output of the CCA algorithm when a either IEEE802. 1 la or HiperLAN II 

PHY is detected, simulation results are presented with the following assumptions: 

(1) Packet size: 512-bit, 

(2) Rate : R=3/4, with puncturing and interleaving, 

(3) The generator polynomials for the convolutional coding: V x (D) = (1 + D 2 + Z> 3 + D $ + £> 6 ) 
10 and F 2 (D) = (l + D + £> 2 +D 3 +D 6 ) , with £=7, and d free =\0, 

(4) 64-QAM for a modulation, 

(5) Channel: 5-tap Rayleigh channel with taps { 0.749, 0.502, 0.3365, 0.2256, and 0.1512}. 

It should be pointed out that the choice of modulation will have no impact on CCA when 
the preamble is detected. 64 QAM is chosen as the modulation type when the preamble is not 
1 5 used in determining channel state due to the SNR range being approximately 20 dB above the 
minimum sensitivity for BPSK. 

In the simulations, we considered two scenarios, (a) with preamble symbols, and (b) no 
preamble symbols. 

The first scenario includes using preamble symbols: The delay factor used in the 
20 computation of the correlation outputs is 16 (i.e., distance between short symbols) and Monte- 
Carlo simulation methodology was used to estimate performance. Figure 4 is the probability 
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detection 301 and 303, P D , and the false-alarm rate 321, Pf , where the probability detection 301 
and 303 P D grows with increasing SNR. For example, theP D for SNR = 20 is shown as a first 
function. In addition, this figure indicates a reliable false-alarm rate, P F « 0.1 at P D « 0.9 . 

The second scenario operates without using preamble symbols: For the same simulation 
5 conditions as in the first scenario, Figure 5 shows P D and P F for different SNRs. A delay factor 
of 64 is chosen due to the distance between the cylix prefix and the beginning of an OFDM 
symbol. Figure 5 indicates that P D decreases generally with SNR which matches the result in 
Figure 4. We can also keep P F « 0.1 at P D « 0.9. As in the first scenario, the Monte-Carlo 
simulation technique is used to find P D 401, 403 and 405. 

10 While CCA was designed as a means to allow Stations in an IEEE802.1 la WLAN 

system to assess if the channel was clear for transmission, CCA can also be used when doing a 
DFS measurement to determine the existence of PHYs that are similar to IEEE802.1 la. In fact, 
as the simulation results show, this can be done at SNRs approaching 0 dB. Thus, the invention 
proposes that the following steps be taken when performing a measurement for the purposes of 
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DFS. 



1 . The STA tunes to a desired frequency to do a measurement. 



2. The STA using the energy measurement feature of the IEEE802.1 la tranceiver 



measures the received signal strength (prior art). 



3. The STA examines the output of the CCA hypothesis test. 
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4. If CCA triggers true, the STA listens for a Beacon Frame from an IEEE802.1 la 



WLAN system. 



5. If the STA cannot identify a valid IEEE802.1 la Beacon Frame, then it determines that 
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there is a PHY similar to IEEE802.1 la, but the MAC is foreign. 
6. The STA reports to the AP that a PHY similar to IEEE802.1 la was found, but the 
MAC was foreign. 

The frame used to send measurement data to the AP could be as shown in Figure 6, 
5 which includes Frame Control (501 ), Duration 503, DA 505, SA 507, BSSID 509, Sequence 
Control 51 1, RSS1 513, CCA true MAC foreign yes or no 515 and FCS 517. 

Table 2 shows the frequency allocation for WLAN operation in Europe and how the 
frequencies are allotted for HiperLAN II. 



Center Frequencies 
(20 MHz Spacing) 


Effective Radiated Power 


5180-5320 


23 dBm 


5500 - 5680 


30 dBm 


5700 


23 dBm 



10 

Table 2 

Figure 7 illustrates a method, shown generally at 550, of an embodiment of the present 
invention. The method at least reports whether the portion of a frequency band to which a 
communication station is tuned is being used to communicate a first-system-type data packet. 
1 5 The communication station is operable in a first radio communication system in which a selected 
portion of a frequency band is dynamically selectable upon which to communicate a first- 
system-type data packet. The frequency band is also selectably utilized by a second radio 
communication system upon which to selectably communicate a second-system-type data 
packet. 
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First, and as indicated by the block 552, an indication signal representative of a 
determination of whether the first-system-data packet is communicated upon the portion of the 
frequency band to which the communication station is tuned is generated. Then, and as indicated 
by the block 554, a report message is formed. The report message includes a field populated 
5 with a value indicative of the indication signal. 

Thereby, a report message is formed that indicates whether communication activity 
pursuant to a first radio communication system is ongoing at a portion of the frequency band to 
which the communication station is tuned. Upon analysis of the report message, subsequent 
retuning, or subsequent communication, operations are caused to be performed by the 
1 0 communication station. 

The preferred descriptions are of the preferred examples for implementing the invention, 
and the scope of the invention should not necessarily be limited by this description. The scope of 
the present invention is defined by the following claims. 
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